A group ICI intron occurs in nuclear small-subunit ( 18s) ribosomal RNA (SSU rRNA) genes of the marine red alga Porphyra spiralis var. amplifolia. This intron occurs at the same position as the self-splicing group IC 1 introns in nuclear SSU rDNAs of the fungus Pneumocystis carinii and in the green alga Chlorella ellipsoidea and shares sequence identity with the Pneumocystis carinii intron in domains Ll, Pl, P2, and L2, outside the conserved core. Three size variants, differing in amount of sequence in Ll , exist and are differentially distributed in geographically distinct populations.
Introduction
Group I introns are characterized structurally by the presence of nine base-paired stem domains ( P 1 -P9 ) and four conserved elements (P, Q, R, and S) constituting a conserved core region; one or sometimes two further domains involve base pairings between intron and exon nucleotides (Burke et al. 1987; Michel and Westhof 1990) . Mechanistically, group I introns are distinguished by the processing mechanisms involved in their excision from the primary RNA transcripts (Cech and Bass 1986) . Many group I introns are self-splicing; that is, they directly catalyze the series of transesterification reactions required for their own excision from the primary transcript (Cech 1990) .
Group I introns have been reported in cyanobacterial tRNA genes, a variety of mitochondrial and plastid genes, nuclear-encoded rRNA genes, and bacteriophages (Cech 1988; Kuhsel et al. 1990;  Cladonia chlorophaea ( DePriest and Been 1992) ; the basidiomycete Ustilago maydis (De Wachter et al. 1992) ; and the green algae Ankistrodesmus stipitatus ) Chlorella ellipsoidea (V. A. Huss, B. Seidel, and E. Kessler, personal communication [ GenBank accession no. X63520]), Characium saccatum, Dunaliella parva, and D. salina (Wilcox et al. 1992 ) .
In the course of a phylogenetic survey (Bird et al. , 1992a (Bird et al. , 1992b data) involving selective polymerase-chain-reaction (PCR) amplification (Sogin 1990) , cloning, and sequencing of nuclear-encoded SSU rDNAs from representatives of 15 of the 17 recognized orders of red algae (Rhodophyta), we obtained unexpectedly complex results from algae of the genus Porphyra. We examined representatives of 12 of the 13 orders recognized in subclass Florideophycideae; from 26 genera distributed among 11 of these orders, we observed the expected 1.8-kb DNA product. The SSU rDNA of the florideophyte Hildenbrandia rubra amplified as a 2.3-kb product, and a 501-nt group I intron was characterized (Ragan et al. 1993 ). The expected 1.8-kb product was also observed from representatives of two orders in the other red algal subclass, Bangiophycideae. However, amplifications from DNA of different Porphyra species (order Bangiales, subclass Bangiophycideae) yielded one to four products of 1.8-2.9 kb, with the precise number and relative intensities differing consistently among different Porphyra species and within one of these species (Porphyra spiralis var. amplifolia [ PSA ] ) among collections from geographically distinct populations.
Herein we report that the unexpectedly large sizes of PCR products from rDNAs of PSA reflect the presence of variant forms of a group ICI intron, which differ by presence or absence of additional, relatively unstructured sequence regions within domain Ll and which are differentially distributed in geographically distinct populations of this alga along the Brazilian coast. We discuss these results in the context of two theories of intron dispersal, common ancestry, and lateral transfer (CavalierSmith 199 1; Palmer and Logsdon 199 1). P. acanthophora var. acanthophora Oliveira Filho et Coll, and thalli of P. spiralis var. spiralis Oliveira Filho et Coll, were also collected at Ubatuba and were air-dried. PSA-B and PSA-D were collected as haploid thalli in October 1990, cleaned thoroughly in sterile seawater, partly air-dried, then frozen. PSA-R and P. acanthophora were collected as diploid conchocelis in 1989 and maintained under reduced light in unialgal culture in D 1 l-enriched seawater (Chen 1988) . Haploid thalli of P. leucosticta Thuret in Le Jolis and of the high-intertidal form of P. umbilicalis (L.) J. Ag. were collected at Gulliver's Cove, Digby County, Nova Scotia and Westport, Nova Scotia respectively; each was frozen at -80°C. A Porphyra provisionally assigned as P. purpurea (Roth) C. Agardh was collected at Avonport, Nova Scotia and was propagated in modified Dl l-enriched seawater through numerous generations; DNA was extracted from the haploid thallus phase. Haploid gametophytes of Bangia atropurpurea (Roth) C. Agardh were collected at Sandy Cove, Halifax County, Nova Scotia and frozen at -80°C. A voucher specimen for each of these collections has been deposited in the marine algal herbarium at the National Research Council Institute for Marine Bioscience: (NRCC).
Material and Methods

Methods for DNA
Algal material (3-5 g fresh weight of conchocelis or 15-20 g fresh-weight equivalent of thallus) was grounc in liquid nitrogen, and DNA was extracted as describec by Rice and Bird ( 1990) . Alternatively, total DNA wa: recovered from the layer immediately above the cushion on RNA CsCl gradients (see below) and was purified by successive extractions with phenol-CHCls-isoamyl alcohol and CHC13-isoamyl alcohol.
Southern hybridizations were carried out at 68°C in 1.5 X saline sodium citrate ( SSC), 1% (w/v) sodium dodecyl sulfate (SDS), 0.5% (w/v) Blotto. The washing protocol was 6 X SSC ( 15 min, 68"C), 2 X SSC (3C min, 42"C), 2 X SSC (20 min, 42"C), and 2 X SSC (3C min, 42°C). DNA probes were radiolabeled with [a 32P] dCTP by random priming ( Ausubel et al. 1989 ).
PCR and Standard DNA Sequencing PCR amplifications were performed using synthetic oligonucleotide primers and Taq polymerase ( Bio/Can Scientific, Mississauga, Ontario). For the complete gene. we used 5'-and 3'-end primers (CT36 and CC39) with annealing regions as presented by Sogin ( 1990) . Foi amplification of the region containing the intron, internal primer 6F ( 5 '-dTGTACACACCGCCCGTC-3 ') and primer CC39 were used. The PCR product was cloned. using standard techniques ( Maniatis et al. 1982 ) in either pUC 18 or pCR-1000 "TA" (Invitrogen, San Diego: vectors, and was replicated in Escherichia coli. Both strands were completely sequenced using the dideoxy nucleotide chain-termination method (Sanger et al. 1977) in a protocol for double-stranded product, and dl was substituted for dG where necessary to resolve compressions. Sequencing reactions used Sequenase version 2.0 (USB, Cleveland) and synthetic oligonucleotides.
An intron-specific probe was amplified using primers F( 1.5 ) 2.7 ( 5 '-dTTGTTCAGGTCGCC-GGACTC-3 ') and R ( 1) 2.7 ( 5 '-dGACTCTGCTT-TCGCAG-3')) labeled by random priming (USB) and used in northern hybridizations (below). Sequences were assembled and aligned visually. FASTA (Pearson and Lipman 1988 ) and BLAST (Altschul et al. 1990 ) searches were conducted against releases 7 1 .O and 72.0 of GenBank, GenPept, EMBL databases, and the GenBank update (3 1 August 1992). The secondary structure was provided by Dr. Francois Michel. The sequences have been deposited in GenBank under accession numbers L26 177 (complete PSA-R rRNA including intron), L26 175, and L26176 (PSA-B and PSA-D introns, respectively, with rRNA flanking regions).
Methods for RNA RNA was extracted by the method of Turpen and Griffith ( 1986) as modified by MacKay and Gallant ( 199 1). The ground tissue was resuspended in 4 M guanidinium thiocyanate, 0.1 M P-mercaptoethanol, 2% (w/ v) N-laurylsarcosine, and 25 mM sodium citrate and then was extracted with 1 vol CHC13-isoamyl alcohol (24: 1 v/v). RNA was then purified on a CsCl gradient.
Northern hybridizations were carried out at 42°C in 5 X SSC, 50% (v/v) formamide, 5 X Denhardt's solution, 0.1% (w/v) SDS, with 250 ug salmon sperm DNA / mL (Maniatis et al. 1982) . The washing protocol was2XSSC(60min,22"C),0.5XSSC(40min,42"C), 0.5 X SSC (60 min, 62"C), 0.1 X SSC (60 min, 22"C), 0.1 X SSC (60 min, 62"C), and 0.1 X SSC ( 150 min, 62°C). All washing buffers contained 0.1% (w/v) SDS.
Transcription
and In Vitro Self-Splicing
For in vitro transcription, pCR-1000 plasmid vector containing the PSA-R insert was linearized with EcoRI (USB) and purified by extraction with phenol-CHCljisoamyl alcohol. A 1,324-nt RNA precursor, containing a 203-nt 5' exonic region (including 146 nt of rDNA sequence), the 1,055-nt intron, and a 66-nt 3' exonic region (3 1 nt from the rDNA), was transcribed from the linearized vector as follows.
Transcription reactions (50 uL) were performed using 2 pg of template DNA; 40 mM Tris-HCl (pH 8.0); 8 mM MgC12; 50 mM NaCl; 10 mM dithiothreitol; 2 mM spermidine; 0.4 mM each of ATP, GTP, CTP, and UTP (Pharmacia, Montreal); 20 ug bovine serum albumin (Pharmacia); 20 uCi 35S-UTP; 33 units RNAguard (Pharmacia); and 50 units T7 polymerase (Pharmacia). The transcription reactions were incubated at 37°C for 90 min and then were extracted once with phenol-CHC13-isoamyl alcohol. Alternatively, transcription was performed using the Megascript kit (Ambion, Austin). There was little difference in the quantity of transcript produced from this template by the two methods.
Assays for in vitro splicing were carried out with transcript from the cloned PSA-R intron under the following three basic protocols: ( 1) 50 mM Tris-HCl (pH 7.4), 100 mM ( NH4)$S04, 60 mM MgC12, and 0.2 mM GTP ; (2) 40 mM Tris-HCl (pH 7.0), 60 mM MgC12, 2 mM spermidine, 0.2 mM GTP, and 0.5 M KC1 (Wallasch et al. 199 1) ; or (3) 40 mM Tris-HCl (pH 7.5), 60 mM MgCl*, 2 mM spermidine, 1.25 M NH4C1, and 0.2 mM GTP (Kiick et al. 1990 ). Concentrations of MgCl* were varied from 10 mM to 200 mM in an attempt to optimize reaction conditions and RNA stability. Alternatively, 4-morpholinepropanesulfonic acid was substituted for Tris-HCl in each protocol. All solutions were treated with diethylpyrocarbonate (DEPC) and autoclaved whenever possible ( Maniatis et al. 1982) . We observed that efficiency of splicing was improved if, after being mixed with phenol, the transcription reaction was first cooled on ice for 30-45 min before being centrifuged for recovery of the aqueous phase. Incubations were carried out at either 37°C or 45°C for 30 or 60 min, and reactions were run out on 5% (w/v) polyacrylamide-8-M urea sequencing gels.
Coupled Reverse-Transcription-PCR Amplification
Slices of polyacrylamide gel containing purified transcript were crushed and extracted at 22°C for 7 h, using l-2 vol of either EBl (0.1% [w/v] fig. 5 ). RNA was precipitated with 0.1 vol of DEPC-treated 2.5 M NaOAc and 2.5 ~0195% EtOH for 1 h at -20°C.
Reverse-transcription reactions (20 uL) were carried out with l-2.5 ug RNA; 33 units RNAguard; 10 mM dithiothreitol; 75 mM KCl; 50 mM Tris-HCl (pH 8.3); 3 mM MgC&; 0.5 mM each of dATP, dCTP, dGTP, and dUTP; 2.5 uM CC39 primer; and 200 units M-MLV reverse transcriptase (Gibco BRL). After reaction for 40 min at 37°C reverse transcriptase (which inhibits Taq polymerase) was denatured by heating for 5 min at 94°C. To the same tube were then added 2.5 uL 6F primer (80 ng/uL), 2 uL CC39 primer (20 PM), 8 uL 10 X PCR buffer (Bio/Can), and 66.5 uL water. Taq polymerase ( 1 pL, 5 units; Bio/Can) was added separately, then the reaction mixtures were immediately put at 94°C. PCR conditions were 5 min at 94"C, followed by 26 cycles of 40 set at 50°C 30 set at 72°C and 30 set at 94°C and then 40 set at 50°C and 3 min at 72°C then cooling. PCR product ( 12 uL) was run in a 3% (w/v) NuSieve (FMC Pharmaceutical & Bioscience) agarose gel.
The band containing the PCR product was cut from the agarose gel and melted at 65°C. One-half volume of water was added, the solution was incubated (65°C 5 min), then 1 vol phenol was added, and the solution was reincubated (65°C 5 min). The upper phase was extracted with 1 vol CHClJ-isoamyl alcohol to remove phenol and with DNA precipitated with 0.1 vol 3-M NaOAc and 2 ~0195% EtOH ( -20°C, 1 h). The DNA pellet was resuspended in 8 uL water for direct sequencing.
and S are present and match group I consensus patterns (Cech 1988) exactly in position of base-paired nucleotides and very closely in sequence. As required for group I introns, also present are the U preceding the 5' splice site and the G to which it is paired (as discussed above), a G-C base pair (in this case, three G-C pairs) in region P3, and the G preceding the 3' splice site (Cech 1988) . The "arginine codon" triplets AGA and CGG are found at the site in P7, where guanosine and arginine bind selfsplicing group I introns (Michel et al. 1989; Yarus and Christian 1989) .
The absence of stem loops in the region between sequence elements R and the 5' end of P3 excludes the PSA intron from the A subdivision of group I introns (Cech 1988; Michel and Westhof 1990) . In the PSA intron, an A is bulged in element R, a C-G pair follows the bulge in P7, and P6 begins with a G l U followed by a C-G base pair ( fig. 2, right-hand page) . These structural features place the PSA intron in group ICl, together with nuclear rRNA introns from Tetrahymena LSU, Physarum LSU, Pneumocystis SSU, Ustilago SSU, Ankistrodesmus SSU, Dunaliella SSU, Characium SSU, and Hildenbrandia SSU, as well as introns in mitochondrial ND4 genes from Podospora anserina (Cummings and Domenico 1988; Cummings et al. 1990; Michel and Westhof 1990; Davila-Aponte et al. 199 1; Wilcox et al. 1992; Ragan et al. 1993) . Within group ICI, the five previously described nuclear rRNA-gene introns bulge an A in sequence element R, and four of them extend P7 beyond this bulge with a C-G base pair (the fifth extends with a G-C pair); the four mitochondrial ND4 introns bulge a C and extend P7 with a U-A pair (Michel and Westhof 1990) . In all of these features the PSA introns resemble other published protistan and fungal nuclear rRNA-gene group ICI introns (except the much smaller, apparently non-self-splicing SSU introns in the mycobiont Cladonia chlorophaea; DePriest and Been 1992).
As expected for a member of group IC 1, the PSA-B intron shares sequence identity in the "conservative core" domains with the SSU rDNA introns of Chlorella ellipsoidea ( 110 of 180 nt; domains P3-P6a), D. parva ( 8 1 of 126 nt; domains P3-P7 and P9), D. salina ( 86 of 128 nt; domains P3-P7 and P9), Characium saccatum ( 146 of 254 nt; domains P3-P7 and P9), and Pneumocystis carinii itself ( 112 of 172 nt; domains P3-P6a).
In each of these pairwise comparisons, identity is strongest in the core domains themselves and is less strong in domains P5a, P5b, and P5c. It is remarkable, however, that a region of substantial sequence resemblance (59 identities in an 88-position overlap, between nt 1952 and 2038 inclusive) between the introns of Porphyra spiralis and Pneumocystis carinii is also found extending from domain Ll through domains P2 and L2, which are well outside the conservative regions ( fig. 3 ) . Similar sequence conservation has not been reported in this region among other group I introns (Michel and Westhof 1990) ) and no functional constraint justifying this degree of sequence identity has been established. Indeed, Ll is by comparison very much reduced in the Ankistrodesmus, Characium, Chlorella, Dunaliella, Hildenbrandia, and Ustilago group ICl introns.
RNA gels demonstrated that the nuclear SSU rRNA of PSA is of typical eukaryotic size, about 1,850 nt ( fig.  4a) . Since the results presented in figure 1 suggest that 1.8-kb SSU rDNAs may occur only at very low levels in the PSA genome, the intron must be removed during RNA processing in vivo. Northern hybridization with an intron-specific probe spanning most of the PSA intron (domains P 1 -P9), followed by washing under conditions in which a 1.05-kb RNA species retains label ( fig. 4b , and below), confirmed that the 1.85-kb rRNA species does not contain sequence corresponding to this intron. Probing PSA EcoRI-, HindIII-, or PstI-digested genomic blots with the amplified PSA-R intron confirmed that the intron sequence does indeed exist in genomic DNA (data not shown).
An RNA band of apparent molecular weight approximately 1.05 kb was routinely observed in extracts of PSA-R ( fig. 4a) . This band alone hybridized with the PSA intron-specific probe throughout a range of loadings, and the hybridization survived very stringent washing ( fig. 4b) . Excision of the PSA-R intron would be expected to produce a 1.05-kb circle; we interpret its migration at about the position expected for a 1.05-kb linear RNA as being fortuitous.
Where investigated, bands similarly interpretable as excised rDNA introns were observed from other Porphyra species, including Porphyra drewiae ( fig. 4a) , although hybridizations were not conducted to confirm their identities.
Geographically Distinct Populations of Porphyra spiralis Contain Size Variants of the PSA-B Intron
Preliminary experiments indicated that the 2.75-kb and 2.9-kb rDNAs, amplified from PSA-D and PSA-R, respectively, contain single insertion sequences longer than that of PSA-B but occurring at the same position. Therefore, for ease of cloning we used oligonucleotide primers 6F and CC39, which anneal to nearby conserved exon regions, to amplify 1. I-kb and 1.25-kb products containing the PSA-D and PSA-R introns, respectively ( fig. lb) .
Comparison of the sequence of the PSA-D intron (908 nt) with that of PSA-B (744 nt) revealed a 163-nt insertion ( fig. 2, left-hand page) ; sequence identity throughout the rest of the intron was 99.6% (one transition, one transversion, and one insertion or deletion ) . The 1,055-nt PSA-R variant showed a further 147-nt insertion within the 163-nt insert of PSA-D ( fig. 2 , lefthand page) and 99.6% identity with PSA-D in the remainder of the intron (one transition, one transversion, one insertion, and one deletion). Differences of this magnitude could arise from methodological (e.g., PCR) error under these conditions (Bird et al. 1992b; Saunders and Druehl 1992) , although natural variability cannot be ruled out. It is interesting that one of the heterogeneous sites occurs immediately 3' to the 147-nt insertion in the PSA-R intron.
To confirm that these variant. intron forms occur in orthologous rDNAs, the complete PSA-R rDNA was cloned, and 1,775 nt (96.7%) were sequenced (data not shown). Of these, 1,770 nt (99.7%) were identical to corresponding bases in the rDNA of PSA-B, a difference within methodological error. All five nonidentities were transitions.
Energy-minimization folding analysis (Jaeger et al. 1990 ) revealed that the optional domains in the PSA-D and PSA-R introns do not show strong secondary structure. However, their presence opens up alternative possibilities for folding in domain L 1 (data not shown).
Repetition of the 5-nt motif UUCCG at positions 1805-1809 and 2549-2553 (respectively, beginning and immediately following the PSA introns) was noted above. It is remarkable that a second repeated pair, the 6-nt AUGCUU, occurs at positions 1853-1858 (in all three PSA intron variants) and positions 20 16-202 1 (in PSA-D) or 2 164-2 169 (PSA-R) ( fig. 2, left-handpage) . Again, one of these motifs begins (or ends) an inserted sequence, in this case an optional domain in the PSA-D and PSA-R variants, and the other immediately follows (or precedes) the optional domain. The largest SSU rDNA intron of Nova Scotian Purphyra purpurea similarly shows a UUCCG repeated motif (authors' unpublished data), and the Chlorella ellipsoidea intron has a 4-nt repeated motif UUCC (V. A. Huss, B. Seidel, and E. Kessler, unpublished data; GenBank accession no. X63520); the SSU rDNA intron of H. rubra exhibits a 2-nt UU repeat (above). Two of the five introns reported from the Cladonia chlorophaea mycobiont have similar repeats, of five ( UUGUA) and three (GAA) nucleotides (DePriest and Been 1992) . Other published group I introns do not exhibit this phenomenon (Michel and Westhof 1990 ). Six ORFs potentially encoding proteins larger than 80 amino acids are present in sequences of the three size variants of the PSA intron. Of these, only one (position in domain Ll of PSA-R) could encode a protein longer than 100 amino acids beyond an AUG codon, without involving exonic sequence. This protein would be one residue shorter than the shortest known intron-encoded protein (Lambowitz and Belfort 1993; Saldanha et al. 1993 )-the hypothetical 138-amino-acid variant of the I-Ppo endonuclease encoded in the 5 ' half of the group I intron of Physarum polycephalum LSU rDNA (Muscarella et al. 1990 ). To gauge whether these
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ORFs are significantly longer than might be expected by chance for sequences of this length and base com-self-splice in vitro. A region of substantial sequence resemblance between the Porphyra spiralis and Pneumocystis carinii introns extends from domain Ll through domains P2 and L2, well outside the conservative core.
Phylogenetic studies based on complete sequences of nuclear-encoded rRNA genes (Bhattacharya et al. 1990; Bird et al. 1990 Bird et al. , 1992a Bird et al. , 1992b Hendriks et al. 199 1; M. A. Ragan, C. J. Bird, E. L. Rice, R. R. Guttell, C. A. Murphy, and R. K. Singh, unpublished data) indicate that red algae form a unique phyletic lineage that diverged relatively late in eukaryotic evolution and is not specifically related to any other major lineage. Thus the discovery of a family of closely related group ICl introns in members of the genus Porphyra has consequences for the two main hypotheses of intron dispersal, namely, common ancestry and lateral transfer (CavalierSmith 199 1; Palmer and Logsdon 199 1).
Eukaryotic nuclear-rDNA introns fall into structural group IC 1 ( Michel and Westhof 1990) ) now known from SSU rDNAs of the red algae Porphyra, Hildenbrandia, and probably Bangia, in addition to Ankistrodesmus, Characium, Chlorella, Dunaliella, Naegleria, Physarum, Pneumocystis, Tetrahymena, and Ustilago.
Phylogenetic trees based on SSU and LSU rRNA sequences indicate that, among these organisms, Naegleria branches most deeply in the eukaryotic tree . Our report adds another major lineage, Rhodophyta, to the distribution of group IC 1 introns among eukaryotes, perhaps marginally increasing the likelihood of common ancestry.
Occurrence of the Chlorella, Hildenbrandia, Pneumocystis, and Porphyra introns at identical sites in the corresponding SSU rRNA genes can also most readily be interpreted as supporting common ancestry, as no mechanism beyond conservative descent would then be required to explain intron distribution and position; absences would be assumed to result from multiple losses in different lineages. A similar picture may be emerging among LSU rDNA introns, as the Physarum and Tetrahymena introns share a common site (Muscarella and Vogt 1989) and the Pneumocystis carinii LSU rDNA intron is offset by only four bases (Liu et al. 1992) . However, unless it is assumed that the ancestral SSU rDNA contained multiple introns, the occurrence of rDNA introns at other sites within the gene (e.g., in SSUs of Ankistrodesmus, Dunaliella, Ustilago, and Cladonia) would not readily be explained by common ancestry alone.
Lateral transfer is the more widely accepted explanation for the observed distribution of group I introns (Sogin et al. 1986; Burke 1988; Dujon 1989; Palmer and Logsdon 199 1; De Wachter et al. 1992) . Lateral gene transfer requires a transposition mechanism, and "some form of molecular vector" ( Dujon 1989, p. 102) mediating contact between genomes. The 5-and 6-nt repeated motifs described above are indeed reminiscent of duplicated target sites, e.g., in transposons or Alu sequences. Intron-encoded endonuclease-mediated transposition (Dujon 1989 ) cannot be ruled out simply because more than half of the presently known group I introns lack significant ORFs, as endonuclease genes could have been lost after transposition (De Wachter et al. 1992) . The PSA introns do not encode any known type of endonuclease, although the weak similarity observed between the potential ORF 2F translation product and the Taq DNA polymerase might indicate the presence, now or in the recent past, of a DNA-binding peptide. Reverse splicing (Woodson and Cech 1989) would both obviate the requirement for intron-encoded endonuclease activity and perhaps rationalize the observed variety of intron insertion sites in rDNAs; common insertion sites (such as those among Chlorella, Hildenbrandia, Pneumocystis, and Porphyra SSU rDNA introns) would then be interpreted as evidence for intron homing (Dujon et al. 1986 ).
The sequence identity observed between group IC 1 SSU rDNA introns of the red alga Porphyra spiralis var. amplifolia and the fungus Pneumocystis carinii extends, to domains L 1, P 1, P2, and L2, the earlier observations of Michel and Cummings ( 1985) ) Nelson and Macino ( 1987 ) , Collins ( 1988) ) and Cummings and Domenico ( 1988 ) , who found unexpected levels of sequence identity in domains P5a, P5b, and P5c of phyletically diverse group I introns. Because a part of Ll that is conserved between the PSA and Pneumocystis carinii introns is absent from many other group IC introns, including the SSU rDNA intron of the red alga H. rubra, it is difficult to argue that this sequence identity bespeaks a cryptic function in vivo. Both the high degree of sequence identity between the PSA-B and Pneumocystis carinii introns (59 of 88 and 112 of 170 nt in two regions) and the location of the former match in a nonconservative region are most easily rationalized by lateral transfer. Two of our observations, however, diminish the attractiveness of lateral-transfer hypotheses. One is the increasing number of identically positioned introns known in homologous genes of distantly related organisms. For this situation to have been brought about solely by lateral transfer, intron homing must have been both widespread and accurate; this matter is addressable experimentally.
Perhaps more worrisome is that it is not obvious how transfer might have been mediated among genomes of these diverse organisms, such as freshwater green algae, the mammalian-pathogenic fungus Pneumocystis carinii, and marine red algae.
The geographical variation in intron distribution within PSA is noteworthy. Porphyra is economically the most valuable of all algae, as some species are extensively cultivated for human food ( nori). Nonetheless, because of their nondescript morphologies and variability arising from environmental factors, Porphyra species are not easy to identify with confidence.
No morphological or other features are known to distinguish the three populations of PSA reported on herein, all of which are found within a 500-km area along the coast of Sao Paulo state, Brazil (de Oliveira Filho and Co11 1975 ) . Variants of this intron may thus provide a means of identifying individual populations at a much finer scale than heretofore possible and could be used to trace sites of origin of cultivated nori (Porphyra spp.) in commerce.
